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Chapter 6 Objectives #1-5

1. Classify microbes into 5 groups on the basis of preferred
temperature ranges and

A. Special characteristics: animal pathogen, refrigerator
spoilage, “extreme” locations...

2. ldentify optimal pH of most bacteria.

3. Explain the importance of osmotic pressure to microbial growth
and/or lysis, and food preservation.

A. What direction does water flow in hypertonic vs. hypotonic
environments?

B. Does cell wall protect? Plasmolysis or osmotic lysis likely to
happen?

4. Provide a use for each of the CHONPS needed in large amounts
for microbial growth.

5. Identify ways in which aerobes avoid damage by toxic forms of
oxygen such as superoxide free radicals and peroxide anion.

A. Know the enzymes (SOD & catalase) and their reactions.
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Chapter 6 Objectives #6-8

6. Classification based on oxygen requirements for the following
groups: aerobes, obligate anaerobes, aerotolerant anaerobes,
microaerophiles, and facultative anaerobes.

A. ldentify optimal incubation conditions and relative growth rates
In other conditions they will tolerate.

I.  Growth aerobic, candle jar, anaerobic conditions.
.  Growth locations and amounts in thioglycollate.

B. Relative energy production between groups and in differing
conditions (aerobic vs. anaerobic)

C. Which groups based have SOD and/or catalase.

/. Describe and explain various means AND their mechanisms to
grow anaerobes: reducing media, thioglycollate, anaerobe jars and
their pouches, anaerobic incubators/hoods.

8. Media:
A. How & why the pH of culture media is controlled.
B. Distinguish between chemically defined and complex media

C. Distinguish between differential, selective and general nutrient media
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Objectives Continued

9. For each of the following: PEA, O-F glucose, starch, EMB, TSI

A. Is it selective? If so, what does it select for? What does it inhibit?
EXPLAIN its inhibition mechanism.

B. Is it differential? What specific ingredient does the media contain to
differentiate? What are the 2 (or more) groups and what is their
appearance? Explain mechanism that causes diff in appearance.

C. Interpret plates, tubes or descriptions of growth.
D. For TSI —interpret glucose, sucrose/lactose and peptones ?H2S?
10. Explain methods to preserve microbes.
11. Bacterial growth:
A. Define generation time and use it to calculate organism numbers.
B. Compare the phases of a microbial growth curve.

12. Metabolism: Compare/contrast anabolism vs. catabolism, oxidative vs.
fermentative, dehydration synthesis vs. hydrolysis

13. Define/explain pure culture, binary fission, turbid, aseptic technique,
amylase, halophile, acidophile, exoenzyme vs. endoenzyme
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Requirements for Growth

1.
2.

Physical = Environment/Surroundings

Chemical = Nutrients to Take In

Physical Requirements

1.

Temp

A.  Minimum Growth Temp: Lowest will GROW in
B. Maximum Growth Temp: Highest that will still grow in

C. Optimum: Grows best/fastest
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1. Psychrophile (cold-loving):

»  Grows at 0°C

»  Optimum 15°C
Psychrotroph:

» Grows at 0°C

»  Optimum 25°C

» Refrigerator spoilage

Temperature Growth
Classifications

Thermophiles

1343361108

Hyperthermophiles

Mesophiles

Psychrotrophs /
Psychrophiles [

partimicrobialgrowth-120727034713-
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Temperature Growth Classifications, Continued

Listeria laughs at
cold temps! Fine
in fridge. Have Archaea
more unsat. bacterial Thermophiles
Fatty acids in ~ Pathogens
¢ | membrane (oil Mesophiles /| Hyperthermophiles
2 | instead of butter) ‘
L
3
I Psychrophiles
3. Mesophile:
»  25-40°C 3rec |/
I |1 A | | J
» Most common -0 0 10 20 30 40 50 60 70 80 90 100 110 12
] Temperature (°C)
» Human Dathoqens https://classconnection.s3.amazonaws.com/664/flashcards/1813664/png/temp_ran
0e1358648921416.png

4, Thermophile
5. Hyperthermophile/extreme thermophile:
»  Archaea
»  Producers using Sulfur, not light & CO,,
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Fig 6.1Growth Rate of different groups in response to temp
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Fig 6.2 Food Spoilage Temperatures

Food spoilage temperatures.

°F

130 -
120 » :
T2 *"“'vfi Temperatures in this range destroy most microbes,
100 = although lower temperatures take more time.

> Rapid growth of bacteria; some may produce toxins.

Very slow bacterial growth.

Danger zone

Many bacteria survive; some may grow.
Refrigerator temperatures; may allow slow growth
of spoilage bacteria, very few pathogens.

No significant growth below freezing.
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Fig 6.3 Effect of food amount on its cooling rate & spoilage
chance
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2. pH pH
A. Most bacteria need a pH of 6.5- 7.5
I.  Foods preserved acidically avoid spoilage longer
B. Acidophiles

C. Buffer: Substance that resists changes in pH when acid or
base added

I. neutralize growth by-products
1. Examples: peptones, phosphate salts, amino acids
Acidophiles (Helicobacter pylort)

optimum in pH range 0-5.5 b

" 3 _\>¥‘<
STOMACH {

Acidophiles are found in sulfuric pools and geysers, areas Snaliiiiciilie

(duodenum) ,‘ Helicobacter pylori
/

polluted by acid mine drainage and even our own stomachs. N -

Submucosa] Stomach wall

Muscle
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Animal
cell

Plant
cell

A.

\V2

B.
.
.

Isotonic solution

Osmotic Pressure
Hypertonic solution

Osmotic Pressure

Cell wall DOESN'T protect
Plasmolysis occurs: dehydration, membrane pulls away & growth

Inhibited
Food preservation with I sugar or salt: honey, jam, salted meat

Making media- need proper ratio/enough water in agar or growth
Inhibited

Hypotonic Solution

Cell wall DOES protect
Cell wall limits water intake & prevents osmotic lysis

Hypotonic solution Hypertonic solution
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Fig 6.4 Plasmolysis

Normal cell in isotonic solution Plasmolyzed cell in hypertonic solution
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1. Purpose of buffer? Why needed? _
Miscellaneous

Review

2. Diagram above:

A. Type of environment?

B. Direction of osmosis?

C. Result or effect on cell?
3. Ingredient that indicates complex media?
4. 2 reasons pickles resist spoilage?

5. 5 cells with a generation time of 20 minutes are
grown for 2 hours. How many cells now?

6. Lab #10-12 Table 12.1: Complex vs. defined?
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Osmosis Review

What if? A A

1. 1% NaC vs. 2% NaCl

2. 2% NaC vs. 2% NaCl

3. 2% NaC VS. 2% Sucrose
4. 1% NaC VS. 2% Sucrose
5. 2% Glucose vs. 2% Sucrose
6. 2% Lactose vs. 2% Sucrose
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C. Extreme/obligate halophile
l. Requires extreme salt, 20-30%
ii. Dead Sea & Great Salt Lake
lii.  Archaea

D. Facultative halophile
l. CAN grow w/ higher than normal salt, but prefers normal salt

levels

li.  Facultative always means: CAN grow, BUT prefers the opposite

Picture is Mannitol Salts Plate
« MRSA & other Staph aureus are facultative halophiles.
« Can be differentiated from other Staph species.

MSAPlate Halotolerant m
Differentiate ,’ ‘ ..} ..,.” K ,:‘ ‘|' = ) Re Ex‘mp'@: Example: '
Staphylococcus  Vibrio fischeri  Example:

Halobacterium
salinarum

aureus

Growth rate

- » -y
.
. ° :

L . -
Staphylococcus § "onhclo : hll.
Aureus Example:

" - Escherichia

' coli

0
i __dht_tp;/jy\[_\_/yw.hs!jdgg{ha_r_e.net/raiuniversity/b@@-ﬂicro-i-em-unit-2-
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Videos
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https://www.youtube.com/watch?v=S3zOLwCsORw
https://www.youtube.com/watch?v=M83YOyfMyLg
https://www.youtube.com/watch?v=M83YOyfMyLg
https://www.youtube.com/watch?v=M83YOyfMyLg
https://www.youtube.com/watch?v=gWkcFU-hHUk
https://www.youtube.com/watch?v=gWkcFU-hHUk
https://www.youtube.com/watch?v=gWkcFU-hHUk
https://www.youtube.com/watch?v=gWkcFU-hHUk
https://www.youtube.com/watch?v=gWkcFU-hHUk
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https://www.youtube.com/watch?v=VK-_YHakvho

Review Questions:

1. What are the two requirement categories for
microbial growth?

2. What three factors influence physical growth?

3. What is a cold loving organism called?

4. What temperature category do most human
pathogens occupy?
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Review Questions:

5. To what temperature category do Archaea belong?

6. What is the pH range most bacteria require for
growth?

/.What type of solution causes plasmolysis?

8). What Is plasmolysis?
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Chemical Requirements

Chemical Requirements (CHONPS)

1. Carbon — ALL types of organic compounds in the microbe
2. Nitrogen:

A. Amino acids (proteins)

B. Nitrogen bases (DNA, RNA)
3. Phosphorus

A. ATP, membrane phospholipids, DNA

4. Sulfur
A. Amino acids (proteins)
5. Oxygen

A. Cellular respiration (energy production)
B. BUT the by-products of respiration can be toxic
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C. Superoxide free radical: O,¢ TOXIC OXygen forms

I.  Toxic by-product of aerobic respiration
. ALL organisms & cells must get rid of

lil. Eukaryotic lysosomes in phagocytes
intentionally contain O, e & the high
concentrations are used to kill engulfed bacteria

D. Steps to break down O, e & survive:
. Superoxide dismutase (SOD), an enzyme
O, + O,¢ + 2H+ — H,O, + O,
ii. Peroxide ion (O,%) of H,O, is toxic
. Break down H,O, w/1 of 2 enzymes:
» Catalase: 2H,O0, — 2H,0+ O,
» Peroxidase: H,O, +2H+ — 2H,0
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Videos
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https://www.youtube.com/watch?v=dlZ5ROca0KI
https://www.youtube.com/watch?v=dlZ5ROca0KI
https://www.youtube.com/watch?v=ozJeehsCG7Q
https://www.youtube.com/watch?v=ozJeehsCG7Q

Oxygen Classifications
1. Obligate aerobes: REOQUIRE O2

A. Have SOD & catalase, which neutralizes toxic forms
of oxygen.

B. Oxygen can be used.

https://classconnection.s3.amazonaws.com/677/flashcards
/1215677/png/screen_shot_2013-10-27_at_40032_pm-
141FBB8171B4C324C63.png

https://classconnection.s3.amazonaws.com/98/flashcards/1434098/png/scr
een_shot_2012-07-01_at_94013 pm1341199468753.png
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Oxvagen Classifications

2. Facultative anaerobes: CAN grow w/o O2, but grows
best (11 energy production) w/O2

A. WithOUT O2; fermentation, anaerobic respiration,
end products are alcohols or acids that still have
bonds with energy. (NOT broken all the way to CO2)

B. Have BOTH SOD & catalase to neutralize toxic by-

products of cellular respiration.

C. More energy production (ATP) and faster growth in
presence of oxygen.

https://classconnection.s3.amazonaws.com/677/flashcards
/1215677/png/screen_shot_2013-10-27_at_40032_pm-

/ hot 2012-07-01 at_94013_pm1341199468753 AT = CPREEE it
ng/screen_s -0/7- a m .pn
Cﬂapter 6 Microbial Growth — P g oy 4/3/2018
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Oxvgen Classifications

3. Obligate anaerobes: Molecular/atmospheric O2 is toxic
Must have oxygen, but DOESN’T use atmospheric O2.
INSTEAD, gets oxygen from compounds.
Lack both SOD & catalase.
Oxygen Is toxic.

Exposed too long to oxygen and death occurs due to
build up of super-oxide free radical.

moo®»

https://classconnection.s3.amazonaws.com/677/flashcards
/1215677/png/screen_shot_2013-10-27_at_40032_pm-
141FBB8171B4C324C63.png

https://classconnection.s3.amazonaws.com/98/flashcards/1434098/p

ng/screen_shot_2012-07-01 at 94013 pm1341199468753.png 4/3/2018
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Oxygen Classifications
4. Aerotolerant anaerobes: CAN grow w/O2, but prefer no O2
A. Contain SOD, but no catalase

B. Partially neutralize toxic forms of oxygen. Can
TOLERATE oxygen.
C. More energy, ATP, produced in anaerobic conditions.

https://classconnection.s3.amazonaws.com/677/flashcards
/1215677/png/screen_shot 2013-10-27_at_40032_pm-

https://classconnection.s3.amazonaws.com/98/flashcards/1434098/p LAllFE 2SS 00

ng/screen_shot_2012-07-01_at 94013 pm1341199468753.png
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Oxyqgen Classifications -Microaerophile
5. Microaerophiles: Require O2, but in lower [ | than air
A. Have both SOD & catalase, but at lower levels
B

If exposed to normal levels of oxygen, doesn’'t have
enough SOD & catalase to neutralize the amount of

toxic forms of oxygen.

https://classconnection.s3.amazonaws.com/677/flashcards
/1215677/png/screen_shot 2013-10-27_at_40032_pm-
141FBB8171B4C324C63.png

https://classconnection.s3.amazonaws.com/98/flashcards/1434098/p
ng/screen_shot_2012-07-01_at 94013 pm1341199468753.png
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Table 6.1 Effect of Oxygen on Various Types of Bacteria

a. Obligate

Aerobes

b. Facultative
Anaerobes

c. Obligate

Anaerobes

d. Aerotolerant
Anaerobes

e. Microaero-

Effect of oxygen
‘on growth

Bacterial growth
in tube of solid
growth medium

Explanation of
growth patterns

Explanation of
oxygen’s effects

Only aerobic
growth; oxygen
required.

Growth occurs
only where high
concentrations
of oxygen have:

.diffused into the

medium.

Presence of en-
zymes catalase
and SOD allows
toxic forms of
oxygen to be
neutralized;

can use oxygen.

Chapter 6 Microbial Growth

Both aerobic
and anaerobic
growth; greater
growth in pres-
ence of oxygen.

Growth is best
where most oxy-
gen is present,
but occurs
throughout
tube.

Presence of en-
zymes catalase
and SOD allows
toxic forms of
oxygen to be
neutralized;

can use oxygen.

Only anaerobic
growth; ceases
in presence of

oxygen.

Growth occurs
only where there
IS No oxygen.

Lacks enzymes
to neutralize
harmful forms
of oxygen;
cannot tolerate

oxygen.

28

Only anaerobic
growth; but con-
tinues in presence
of oxygen.

Growth occurs
evenly; oxygen
has no effect.

Presence of one
enzyme, SOD,
allows harmful
forms of oxygen
to be partially
neutralized;
tolerates oxygen.

philes

Only aerobic

growth; oxygen
required in low
concentration.

Growth occurs
only where a low
concentration of
oxygen has dif-
fused into
medium.

Produce lethal
amounts of toxic
forms of oxygen
if exposed to nor-
mal atmospheric
oxygen.
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Review: Chemical Requirements for Growth

1. What are the chemical requirements for microbial
growth?

2. What two molecules does nitrogen compose”?

3. What chemical requirement(s) is(are) found
notably in membrane phospholipids?

4. What biological molecules contain sulfur?
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Review: Chemical Requirements for Growth

5. What process requires oxygen in living organisms?

6. What enzyme turns superoxide free radicals into
hydrogen peroxide?

/. What are the two enzymes that can break down
hydrogen peroxide into non-harmful substances?
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Graph Example Problems

L/

- s,

5

. b

Q

<]

c

I-B; Tine

»Which line is a facultative anaerobe grown anaerobically?
» Facultative anaerobe in presence of oxygen?

» Psychrotroph at room temp?

»Psychrotroph in the refrigerator?
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Terms
1. Culture medium
2. Agar:
A. Solidifying agent only
B. Seaweed polysaccharide
C. Melts at 100C, solidifies 40C

3. Plates http://www.infosamak.org/english/admin_im
ages/algue-palmaria-palmata.jpg

Culture Medium

4. Slants
5. Deeps: Tube w/flat surface
A. Motility

B. Decreased O2 at bottom (Anaerobes won't
grow, but facultative anaerobes will — TSI)

— SR —— IS http://i.ndtvimg.com/mt/cooks/2014-
11/agar-agar.jpg

m

——

Agar —+
(10 ml)
t = o Liquid [\§ =7 e
" © TE
(a) Broth (b) Agar slant  (c) Agar s!ant (d) Agar (e) Agar plate
tube (front view) (side view) deep (petri plate, 15-20 ml)

tube
Chapter 6 wiuivuia Ditps;{{|earning.uonbi.ac.ke/courses/SBT202/scormPackages/path_2/culture_media.jpg 3



Terms Continued

6. Sterile: Contains no living organisms
A. Autoclave: Steam under pressure
. 121C at 15psi for 20 minutes

7. Inoculum http://blogs.fit.edufwp-content/uploads/2014/05/Florida-Tech-Streaking-1.jpg
8. Colony

9. Culture

10. Pure Culture

11. Streak Plate @) ®)

A. To obtain isolated colonies
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Fig 6.10 Streak Plate

g = o o
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Colonies ©

(b)
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Chemically Defined vs. Complex Media
12. Chemically defined medium
A. Exact composition (formulas & amounts) known
13. Complex Media
A. Exact composition unknown
B. Extracts of yeast, meat, peptones (protein digests), blood....
C. AKA “Nutrient” media

A Chemically Defined table 6.4 Composition of Nutrient Agar,
Medium for Growing a a Complex Medium for the

Typical Chemoheterotroph, Growth of Heterotrophic
Such as E. coli i
. — Bacteria

Comstituent -~ = o0 Ay

Constigiene = 0 0 oo Ameant

Sucose

Smmonium phosphate, monobasic ; Peptone (partially digested protein)
NH,H,PO,)
Beef extract
sadium chloride (NaCl)
fagnesium sulfate (MgSO, - 7H,0) Sodiumchlonde
*etassium phosphate, dibasic (K;HPO,) . Agar 15.0¢

Water Water 1 licer
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Anaerobic Media/Methods — Reducing Media, Thio
1. Reducing media
A. Ingredients combine with & reduce O2

Example of a Reducing Media:
Thioglycollate Broth

» Sodium thioglycollate combines with the
oxygen producing water

» Agar: A small amount of agar thickens the
broth to slow diffusion of oxygen

» Oxygen Indicator: Dye is pink in presence
of excess O2, indicating how far oxygen
has diffused into the tube

» Heat tubes prior to use to drive off
absorbed O2 (\Warm solutions cannot hold
as much oxygen.)
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Anaerobic Media/Methods - Jars

Fig 6.5 Anaerobic Jar

Lid with Clamp with Palladium
O-ring gasket  clamp screw  catalyst pellets

2. Anaerobic Jar — 2 main types

A. Traditional: H2 generator &
Palladium catalyst (like Envelope containing

sodium bicarbonate

Organic) H2 + O2 — H20.

and sodium
. . . borohydrid
Jar becomes moist inside as | ™" e\

reaction occurs.

Anaerobic indicator

B. AnaeroPack: Packet does (methylene biue)

two things — rapidly absorbs
Petri plates <_

02 & generates CO2
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Anaerobic Media/Methods — Chamber/Hood

3. Anaerobic Chamber/Hood
A. O2 removed
B. Chamber filled with an inert gas like N2
C. Glove ports used to manipulate plates

Fig 6.6 Anaerobic
Chamber/Hood
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Special Techniques — CO2 & Living Host Cells

1. COZ2 Incubators, candle jars, packets
for microbes requiring N1 CO2

A. Do candle jars create an anaerobic ces«

Lid

environment?
‘Candle
2. Living host cells: Obligate intracellular s o
with solid

media (inverted)

bacteria. Example: leprosy

(a) Candle jar

Petri plate
with bacterial
culture

& X‘ (b) CO,-generating packet
Fig 6. 7'CO2 Rich Environments

http //ep| ufl. edu/wp
content/uploads/2015/12/Armadil
lo-Close-Up . ing 40

Py Py — 4/3/2018



Growth Analysis

Using the labeled blood agar above, classify each
organism’s ability to use/not use oxygen and
explain why you made that choice.
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Growth Analysis

B AEr—— o b Using the Thio
N *” broths
pictured to
the left,
classify each
organism’s
ability to
use/not use
oxygen and
explain why
you made
that choice.

4/3/2018
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PEA - Selective Media
3. Selective Media

A. Only certain groups grow
B. Due to antibiotics, salt, acidity, chemicals, etc
C. PEA (Phenylethyl alcohol)

. Selective for (allows growth) of GP

.  Dissolves GN outer membrane (supposed to kill but may simply
inhibit & have “breakthrough growth”)

lii.  If alcohol evaporates & at a lower concentration, what will happen?
»  “Breakthrough” GN growth (Compare growth to other plates)

Iv. Like gram stain, if alcohol was higher content the alcohol would star
to affect & inhibit GP also

S. AUREUs
SNIOSIOHVYN 'S

http://ww.austincc.edu/microbu z/im\%ﬁes/PEA.jpg
Chapter 6 Microbial Growth

o ' e https://classconnection.s3.amazonaws.com/733/flash
cards/695733/png/screen_shot_2011-10-

22_at_2.28.35_pm13193e8164586@n0

https://c1.staticfl ickr.com/MQi/268073707_1aé79f934e.jpg



BAP - Differential
4. Differential Media

A. Ingredient used to intentionally cause appearance
differences to distinguish 1 group/type from another

B. Blood agar
I.  NOT selective — most bacteria will grow

. It IS differential based on hemolysis which indicates the
organism has enzymes known as hemolysins

Comparison of Hemolytic Activity for

Group A, B, G, F Streptococci

ASM MicrobeLibrarv.ora © Budon
http://faculty.cchcmd.edu/courses/biol41/labmanua/la

bl4/images/asm_abg . . . http://faculty.cchcmd.edu/courses/biol41/labmanua/labl14/i
http://www.cdc.gov/groupbstrep/images/lab-hemolytic-1g.jpg mages/asm_mix
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EMB - Differential & Selective Media
C. EMB (Eosin Methylene Blue)

I.  Selective: The dyes methylene blue & eosin inhibit GP

Ii. Differential — contains lactose & a pH indicator that changes
color due to acid production if lactose Is used

»  DARK Purple and/or metallic sheen: lactose fermenter
» No color changel/is color of agar: Non-lactose fermenters
(light color)

“Treated” sewage
http://biology.clc.uc.edu/fankhauser/Labs/Microbiology/Col
iform_assays/Plates_with_Colonies/Nine_Mile_STP_0.01m
L_EMB_P8011340md.jpg

http://iws2.collin.edu/dcain/CCCCD%20Micro/EMBplate.jpg http://0.quizlet.com/i/RKh6SRzEbi-JbGH_rXUOIA_m.jpg
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Preserving Bacteria Preserving Bacteria
1. Refrigeration (short-term)

2. Deep-freezing
3. Lyophilization (freeze-drying)- long term

- In deep freezing a pure culture of microbes is placed in a
suspending liquid and quick-frozen at temperatures ranging from -
50°C to -95°C. (several years later)

- During lyophilization (freeze—drying), a suspension of microbes is
quickly frozen at temperatures ranging from - 54°C to -72°C, and the
water is removed by a high vacuum (sublimation).

compressor

\—

door

R
Vo
s

heated shelves

refrigeration
coils

vacuum
pump

. Svw V0 A

http://www.slideshare.net/Mona_Albureikan/presentation-5-41202526

Chapter 6 Microbial Growth 46 4/3/2018



Fig 6.11 Binary Fission

Bacterial Growth ( = Multiplication)
1. Binary Fission

Cell wall Plasma membrane

7 >

@* Cell elongates and

DNA I a
DNA is replicated (nuclear area)

DNA
(nuclear
€ cellwall and area)
plasma membrane |
begin to divide
Partially
formed
) Cross-
%ﬁ? Cross-wall forms
completely around
divided DNA
Cell wall
O ceals
separate
4/3/2018
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Generation Time

1. Time required for a cell or population to divide

A. Less time is needed at optimum conditions
2. # organisms = n x 2%

A. n = original number of organisms

B. X =number of generations and/or doublings
3. Examples:

A. Ifthere is 1 cell to begin with, how many are
there after 2 generations?

B. After 6 doublings?

C. Ifthere are 4 cells to begin with, how many
are there after 3 generations?
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Fig 6.12 Arithmetic Numbers of Ce

"

1 20 @

2 21 o0

4 o DR eoee

8 PR esco0000e

16 -22 0006000000006 0000
32 2

If 1 bacteria reproduced every

20min, how many in 2 hours?
e 1x2°=64

Trivia: E.coli w/20min

generation time; 20

generations in 7 hours; 220 =

>1 million

E. coliin 25.5 hours mass

COULD = 80,000 ton aircratft

carrier if didn’t “death phase”

Urine culture at room temp

problems - refrig

Video: The Multiplication Song

by Simmonds Brothers
AhapiendiMicrobial Growth

| Division

n
*

.......O......O.....Q....O.... _

Generation Arithmetic Logo of Arithmetic

Number Number of Cells Number of Cells

S

0 1 0 5
520 = 32 1.51
10 (2‘0) = 1,024 3.01
15:(2°) = 32,768 4.52
16 (2'°) = 65,536 4.82
1727y = 131,072 5.12
18 (2'%) = 262,144 5.42
19 (2"%) = 524,288 5.72
20 (2%°) = 1,048,576 6.02
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S o—

Stationary

Log, or phase Death, or
logarithmic

decline, phase

exponential
growth,
phase

numbers of bacteria

________ : 4
Time (hr.)
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Growth Curve

1. Lag Phase (Similar to interphase in mitosis)

A. 1stplaced in new medium: little (no) division

B. Takes time to copy DNA & for enzyme synthesis
2. Log Growth Phase

A. Exponential growth (logarithmic)

B. Active metabolically

C. Most sensitive to radiation, antibiotics, etc
3. Stationary Phase

A. # deaths = # new cells

B. U nutrients, Il wastes, pH change

4. Log Death Phase
A. Logarithmic decline, # deaths > # new cells
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Example Graph Problems #1 \
5

o
o
# J/

Time
Graph shows growth at 25C

1. If organism has optimum temp of 20C, how
would the graph change If:

A. Grown at 30C instead?
B. Grown at 20C instead?

2. If the organism is a psychrotroph, how would it
change if:

A. Grown at 5C?
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Example Graph Problems #2 g\
WY

Need to do this example before

assign end-of-chapter questions ¢

M

Time
Graph Is on an agar which contains lactose.

1. If the organism can utilize lactose & peptones,
similarly to E. coli, how would the graph change

A. If peptones are added?

B. Lactose is doubled?

Chapter 6 Microbial Growth 53 4/3/2018



Lab #13 Carbohydrate Utilization

Anabolism vs. Catabolism:

All tests on Practical Exam —require explanation of YOUR results

Catabolism 2% 0
> ®»0,%
P99 w00
0,%0
v Small
Large Energy Molecules
Molecule
®,00
o) g —
S n';al‘l' ® Anabolism
Large
Molecules Molecule

http://general.utpb.edu/FAC/eldridge_j/Kine6360/Unit%202%20htmI%2
0Ofile/Content%20Display%20%20Unit%202%20-

%20Energy%20Metabolism_files/13G-catabolism&anabolism2.gif

Lab #13 Carbohydrate Utilization

Metabolism
anabolic reaction
(©] (e}
e o
B 0 ®2 o 0®
oy 0® 0,0

smaller molecules

larger molecule

@ 2013 Encyclopaadia Britannica, Inc.

catabolic reaction

larger molecule

o © e}
® ®_o Oo O@

smaller molecules

http://media-2.web.britannica.com/eb-media/59/166059-004-40ACDC27.jpg
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Anabolism

TERMS NOTE: All tests on Practical Exam —require explanation of YOUR
results

1. Anabolism- “A” = “Adding” together
A. Example: Dehydration synthesis

I.  Monosaccharides combine to form disaccharides (sucrose) &
starch

ll. Dehydration accomplished removing OH- & H+ from diff
molecules, linking the molecules where the OH- & H+ were.

lil.  Energy is stored in the new bonds (ie — starch & glycogen
store energy)

Iv. Example equation. A + B — AB

ANABOLIC REACTIONS

Gl'f:erol

http://images.tutorvista.com/cms/images/44/anabolic-reaction.png

Dehydration
reaction

Short polyer ] Wiiked monomer
' é::rv 4 Glucose [+| Glucose Fa.'tt'!I acid| |Amino acid | 4| Amine acid

Longer polymer

Figure 3.3A Building a polymer chain
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_ Catabolism
2. Catabolism: “C” = “Cannibalism”

A. “Breaking down” or Decomposition/hydrolysis
AB —- A + B
B. Energy released when bonds are broken.
C. Examples:
I.  “Burn” glucose for energy breaking it down into CO2
Il.  ATP_broken into ADP + PO4 , releasing energy at

cellular level Cazbolismscheric

Rdteis Polysaccherices Fts

} (o] O O O
H H HA H H H HA H
| L L J ! 2 9! -
HON. > o< > o > 0 \ > O etc. + H©O
Figure 3.3B Breaking a polymer chain Starch Water
—

NAD
(@) ' \
CATABOLISM . . . . airic ?gd -
HATTEA H 1A H H A H HATTTAH ¥ yiain
] 5 |
HONG. > O _,>0H HO > o “‘>C‘)H etc - ba
Maltose hitne-//cancantdraia nnmmﬁn’lln’l [nroviovw/GAN/nict
= = catabolic-pathway-map-catabolism-schematic-biochemical-
diagram
0 | [o]
H H H H H H H H

0 __o
4 5 A
(o] o) () } Lo \ + H0 - > + \
®e o0 o o HONG. %)H HO OH HO y/ oH
|OO eC @
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Metabolism Summary

Metabolism
» Metabolism involves two main processes, catabolism
and anabolism
- Catabolic reactions break down large, complex
molecules to provide smaller molecules and energy (ATP)
- Anabolic reactions use ATP energy to build larger
molecules from smaller building blocks

Catabolic reactions CO, + H,0 + NH,
(energy producing) /
Oxidation of
carbohydrates,

fats, and proteins

ADP + P, (energy used) ATP (energy stored)

Anabolic reactions
(energy requiring)

Muscle contraction,
transport, and synthesis <
of cellular compounds

Lab #13 Carbohydrate Utilization http://img.docstoccdn.com/thumb/ogig/518850.png 4/3/2018



3. Exoenzyme vs. endoenzyme

Exoenzymes, Amylase

A. Exo: Enzyme is secreted & it’s site of action is OUTSIDE the

bacteria

I.  Amylase Is an exoenzyme
« Breaks down starc

h

«  Starch is too big to pass through cell membrane

« Amylase begins the break down into glucose which is
small enough to pass membrane

."’..“\\. f/-“-.\-, .r/_ _\\ ,/.-“-\\ .-/-“..“, .f"."\‘. ./.-“-.\ r”_- \\ ,-’). \ /-“- N
( — — ) | J—{ — —{ J—{ — —{
\_ /A A N S \__/ \_/ N A N A N A N/ A
This is a starch molecule. It is a long chain of simple sugars.
N ' N N N N 7\ 7N N '
( { { ) ) | J—{ =8 = | == J—
N N \\____/" N '\__.»f A \-\___/' N A
Amylase is an enzyme that can cut the starch into 2-sugar units.
"N N N N 7NN 7NN N
( — ) ( —{ ) ( — ) | — | ( —{ )
/ AN N/ N/ NS NS N/ N/

2-sugar units will be further digested to simple sugars by other enzymes.

'
\_ / Eachcircle is a sugar molecule.

https://dr282zn36sxxg.cloudfront.net/datastreams/f-

d%3A42¢118338f09211962219f96233bebcfe5818edacl8clfcfca05272a%2BIMAGEY%2BIM

AGEWLab #13 Carbohydrate Utilization

o4

(HOH LHDH LHOH
H H +___0 o H + HO

l
== 8
H H
OH H OH H/"—0—\OH H

OH H UH

(HOH

CH,OH
/ o

’{»i()

H

OH H
HO

‘ OH H
}; (1H H OH

Glucose I‘ol_\fsacclmrido

Figure 13.1
Starch hydrolysis. A molecule of water is used when starch is

hydrolyzed. L
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Endoenzymes; Photolyases & Excision Repair Enzymes
B. Endo: Enzyme remains inside cell - it’s site of action is
INSIDE the bacteria
I. DNA ligase: ties nucleotides together to form DNA

chains
Il. Photolyases & excision repair enzymes “repair” DNA
after UV damage

Insoluble substrate

Cell membrane

Exocellular slime

Cell wall
Figure 2.1 There are two types of enzymes that are used by bacteria to degrade substrate. Exoen-
zymes are produced in the cell and releasad through the cell membrane and cell wall lo hydrolyze
insoluble substrake that is adsorbed to the exocellular slime. Soluble wastes enter the bactenal cell
and are degraded by endoenzymes.

http://1.bp.blogspot.com/-
Lab #13 Carbohydrate Utiliza idﬁprlYTtxrc/TOYS?)cPWHcI/AAAAAAAABRc/2LIGJOrj6ak/51600/methane+baceria+5.JPG
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Growth, Metabolism, Endo/Exoenzymes

Growth:
https://www.youtube.com/watch?v=cZsVi3CaZ/s
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https://www.youtube.com/watch?v=5ktLSmAm4ok
https://www.youtube.com/watch?v=5ktLSmAm4ok
https://www.youtube.com/watch?v=5ktLSmAm4ok
https://www.youtube.com/watch?v=5ktLSmAm4ok
https://www.youtube.com/watch?v=5ktLSmAm4ok
https://www.youtube.com/watch?v=5ktLSmAm4ok
https://www.youtube.com/watch?v=r-JuSnXoLHY
https://www.youtube.com/watch?v=r-JuSnXoLHY
https://www.youtube.com/watch?v=r-JuSnXoLHY
https://www.youtube.com/watch?v=r-JuSnXoLHY
https://www.youtube.com/watch?v=r-JuSnXoLHY
https://www.youtube.com/watch?v=r-JuSnXoLHY
https://www.youtube.com/watch?v=r-JuSnXoLHY

Aerobic vs. Anaerobic Respiration Diagram

1 Glucose

=2 NADM + M

—>2

- 2 Pyrwvate TETEE

— O NADH + M
—p 2 FADH2

Aerobic Respiration

L 10 NAD:
Electron Transport Chainf 2  Fap

> 12 H20

Aerobic Respiration Total = 34-36 ATP

http://people.fmarion.edu/tharbeau/236cellrespiration2.jpg

%.30-32 (TP)

Lactic Acid

24m

image by T. Barbeau

Examine the diagram

1.How many total ATP’s are produced
during Aerobic Respiration?

2.How many total ATP during
Anaerobic Respiration? Why?

3.Facultative Anaerobes can grow both
aerobically & anaerobically. Predict

~ their growth (reproduction) rate

anaerobically vs. aerobically based on
the diagram.

4.0bligate Anaerobes — Predict their
growth (reproduction) rate anaerobically
vs. aerobically based on the diagram.

5.Which type of respiration involves
fermentation? When our muscles
undergo anaerobic respiration, what
builds up?
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Oxidative
4. Oxidative Organisms: REQUIRE molecular/atmospheric O2.

A. OBLIGATE Aerobes who can ONLY do aerobic respiration.

B. Can only break down carbs, fats, proteins for energy in presence
of O2.

Aerobic Anaerobic

Glycolysis I Glycolysis I
| |
Cellular
respiration Fermentation
reaction(s)

Pyruvate oxidation

Y

Citric acid cycle * Incomplete oxidation
* * Waste products: Organic
compound

Respiratory chain
. ; * Energy trapped: 2

* Complete oxidation

¢ Waste products: H,O, CO;

* Energy trapped: 36

Lab #13 Carbohydrate Utilization @® 2001 Sinauer Associates, Inc,
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Fermentative 5. Fermentative: Doesn’t require O2, but
may or may not prefer O2.

A. Can use anaerobic respiration.

E GLUCOSE B. May or may not prefer aerobic

> 2NAD' JADP +2P respiration.

y ENADHD C)lATPwater C. Most bacteria are facultative

” anaerobes, so most bacteria are
© 2PYRUVICACD classified as fermenters

D. Fermentation (anaerobic
respiration) does not produce as
Yeast much energy

I.  By-products are alcohols &
acids rather than breaking

No available oxygen

Some bacteria and
mammal muscle

2 LACTICACID or 2ETHANOL + 2CO,

(lactic acid fermentation) (alcohol fermentation) g lucose all the way to _C O2.
https://biochemist01.files.wordpress.com/2013/03/pyruvate.gif T h e refo re SO m e e n e rgy h aS
not been released from the
bonds.

Lab #13 Carbohydrate Utilization
63 4/3/2018



Starch, Glucose, lodine - Demo

* Do demo — test tubes of starch vs. glucose. Add 12
« Discuss plate set up - just a “Z” to see around edges.

 AGAR color, NOT colony color. May be best to look from bottom or hold plate
over BLACK counter to show clearing.

mylase .
el » glucose subunits

starch

glucose subunits + added Gram's iodine = clear zone around growtl

Example: Bacillus cereus

no amylase
Negative test:  starch » starch

starch + added Gram's iodine = purple-blue zone around growth

Example: Escherichia coli

https://classconnection.s3.amazonaws.com/736/flashcards/817736
[jpg/starch_hydrolysis1335001420652.jpg
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Starch Plate:
1. Ingredients: Starch, beef extract, agar —Purpose of eac:h?StarCh Plate

2.  Amylase hydrolyzes starch into? Starch + Amylase —— Glucose subunits
3.  Growth check — why must the organism have growth to interpret the test?
4.  Results: Starch + lodine = Change to deep brown color

A. Clear under/around colony = POS for amylase (starch-hydrolyzed)
B. Brown under/around colony = NEG for amylase as starch still present
5. Isamylase an exo vs. an endo enzyme? Explain based on observations.

mylase .
el » glucose subunits

:  starch

glucose subunits + added Gram's iodine = clear zone around growth
Example: Bacillus cereus

no amylase
Negative test: starch —» starch

starch + added Gram's iodine = purple-blue zone around growth

Example: Escherichia coli

https://classconnection.s3.amazonaws.com/736/flashcards/817736

ljpg/starch_hydrolysis1335001420652.jpg
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OF-Glucose

1. Glucose, peptone, pH indicators, & low amount agar (semi-solid) Purpose
of each?

2. Growth check Why must the organism have growth to interpret the test?
3. Results used to classify the organism into 1 of the following 3 terms:
Oxidative

Fermentative

No glucose utilization. (So how does it grow? Reaction?)

NOTE: REQUIRES 2 tubes to classify — Why?

Demo set up — Refer to Lab #13 page 13-4. Needle straight down & back out
so ONE line. Also check for growth. "!! -~ ,l ==

| 3l
Il s rrz:!
JI.B .::'ﬂi e !’3:* 4

'/"ﬂ v"’ - :q"‘ I N ._1

} Bl § 48

0w P

e 189 \ |

http://www.jlindquist.net/generalmicro/DMimages

/newglucof2.jpg

: - v " 8 _‘ 7
\ ' f ’_«

, h ; "

, ; o
A

N W =
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OF-Glucose Tube Examples-Avall in Atlas

How Would the tubes below be mterpreted’? Why?

'n.y-ul
o

- F O Control
Non-utilizer Fermenter Oxidizer Uninnoculated
Facultative Obligate
anaerobe Aerobe/
Microaerophile
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OF- Glucose

 Classify the type of organism in each of the following sets of tubes
» Explain what causes the color in each tube

https://classconnection.s3.amazonaws.com/456/flashcards/709456/png/of_test1316912056976.png
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OF-Glucose, continued

A. W/O oil: O2 present (no oil blocking air) -checks for oxidation
B. With oil: checks for fermentation
C. Results:

I.  Both tubes color change to yellow: fermentative —Facultative
Anaerobe.

1.  Tube w/o oll only turns yellow (top or all): oxidative —
Obligate Aerobe

1. No change/Blue-Green: Non-utilizer of glucose. Peptone
used. |

4. Motility (+ or -)
5. Gas

https://classconnection.s3.amazonaws.com/282/fla
shcards/671282/jpg/m_in_sim1353438203899.jpg
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Flow Chart Available in Atlas

Example:

Oxidation-
- Fermentation:

_ (facultative anaerobe)

Example:

Example:

glucose ———p glucose (with oil)
(green) (green)

glucose —— glucose (open tube without oil)
(green) (green)

Alcaligenes faecalis

glucose ——= acids, pH decreases (with oil)
(green) (yellow)

glucose —— acids, pH decreases (open tube without oil)
(green) (yellow)

Escherichia coli

glucose ——— glucose (with oil)
(green) (green)

glucose ——» acids, pH decreases (open tube without oil)
(green) (yellow)

Pseudomonas aeruginosa

FIGURE 5.29 Possible reactions and results of oxidation-fermentation

(O-F) tests.

Lab #13 Carbohydrate Utilization
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TSI-Triple Sugar Iron TSI Slants
1. Glucose, lactose, sucrose, peptone, Fe, indicators

2. Slant vs. butt 1
Demo & discuss set up, see p.13-4 |
3. Results MUST be read at 24 hours. slont
BRIEF overview of visual changes:
butt
A. Bubbles/Cracks: Gas U

B. Black: Black H2S is produced when Sulfur is removed from
cysteine (amino acid), and the Sulfur reacts w/Fe in slant

C. Carb utilization: Change from red/orange to yellow as acid is
produced during carb catabolism
I. NOTE: To determine color change MUST compare to an
unused “control” tube)
1. See lab manual.

D. Record: Slant/Butt H2S +/- If gas present, circle butt
symbol.

Lab #13 Carbohydrate Utilization
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TSI Diagrams in Lab Procedure

721 Yellow

Yellow

Red

) Without gas production With gas production
Red ;
(©) Glucose and lactose and /or sucrose fermented A @

e Mo sug-ar fermentatior{ K/K e .
Cirde
YNean s
0~

Black precipitate | &S+ f;:fil to

‘ Sugo” M€y«
‘g {d) H,S production can occur in addition io (a), (b}, and (c).
_ - K/A P
WiBeat gas production tgun" 2 ‘ : .
Reactions in triple sugar iron (TST) a gar after ihcubating for
W Clacose fermented; lactose and sucrose not fermented 24 hours.
2018
-, 413/
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TSI Mechanism — Glucose non-utilizer
1. Contains 1 part peptone, 1 part glucose, 10 parts lactose, 10 parts sucrose, Fe

2.  Phenol red indicator: 7.4 red, acidic yellow, basic deeper red
3. Nosugar used: Peptone oxidized only.
A. Peptones broken into??
B. Tube becomes even more alkaline & darker red
C. K/KOR AIk/Alk OR Red/Red (NOTE **Red = orig color or darker red)
Control Deeper Red on SLANT (oxidizing)
Uninnoculated compared to Control at 24 hours

Lab #13 Carbohydrate Utilization 3/2018



TSI Mechanism — Glucose Only Used
4.  Glucose is ONLY SUGAR used (peptone is also used)

A. Acid produced, entire tube yellow in 10 hours
B. BUT LITTLE Glucose present in tube, so it is used up quickly.
C. Atfter glucose, peptones are oxidized. WHERE oxidized?
. SLANT reverts back to alkaline and is red again.
. BUTT stays yellow
D. K/A OR Alk/Acid or Red/Yell: (NOTE **Red = orig color or darker red)
Control 10 Hours 24 Hours

Lab #13 Carbohydrate Utilization 4/3/2018



TSI Mechanism — Glucose AND Glucose/Sucrose/Both

5. Glucose & EITHER lactose or sucrose or both
A. 1% glucose used & tube turns yellow within 10 hours
B. THEN: 10x more lactose/sucrose, LOTS acid produced, whole tube
stays yellow
C. A/AOR Acid/Acid OR Yell/Yell

Control 10 Hours 24 Hours
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TSI Mechanism: H2S from Fe & Gas Production
5. ALSO RECORD

A. H2S POS: Sulfur removed from cysteine — H2S —reacts w/Fe
& black butt formed

B. Gas produced? OBVIOUS bubble/crack. Circle butt symbol.
Interpret & Write the Symbols for the following TSI Tubes:
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TSI Tubes — Interpret & Record Symbols

» Record appropriate symbols below each tube
« Later, come back & tell what sugars used & other reactions causing color

T Tw—

hV8kGhovz20/UZnVcfNy3ol/AAAAAAAAAIB/ THSKBxdsgsA/s1600/New+Pict

ure+(1).png

http://3.bp.blogspot.com/-
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1Sl Tubes — MORE tubes to Interpret, Symbols,

Reactions

* Record appropriate symbols below each tube
* Which tube(s) clearly show peptones were utilized? Explain

{0 M I '
aff §of < Id g

-

1

.'.‘
: R
quiziel.comyyaneau
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How would the tubes below be interpreted? Why?

TSI Tube Diagrams

" -
D REDIO Y AN
...a?.o.c.:ﬁ...

Ahet

K/A

K/K

H2s+ (Notinnoc)

H2S+ H2S-

H2S-

H2S-

4/3/2018
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TSI Flow Chart
o ghrrsieviioniugy

cysteine ——— cysteine
(no black color)

Example:  Alcaligenes faecalis

e et s s

% SN SN

2 o> e Termente $ niv. \"-\(X-\'; R R
s 20N 3 AR A

lactose, SucCrose ————p= lactose, sucrose lactose and/or sucrose ——» acids, pH decreases
(red slant) (red sl am) (red slant) (yellow slant)
glucose ——— acids, pH decreases
glucose ——— acids, pH decreases (red butt) (yellow butt)
(red butt) (yellow butt)

cysteine ———» cysteine
{(no black color)
cysteine ————» cysteine

(no black color)

Example: Escherichia coli

Example:  Shigella flexneri

lactose and/or sucrose ——» acids, pH decreases
(red slant) (yellow slant)

glucose ———— acids, pH decreases

red butt ellow butt
lactose, sucrose ——— lactose, sucrose { ) y )
(red slant) (red slant) cysteine ———» H,S + other products
glucose ——— acids, pH decreases H,S + FeSO; ——» FeS
(red butt) (vellow butt) (blBGK k)
Examples: Proteus vulgaris
Citrobacter freundii

cysteine —— H,S + other products
- FIGURE 5.37 Possible reactions and results in triple sugar iron (TSI) agar

and Kligler iron agar (KIA).
H,S + FeSO, —» FeS

(black color)

Example:  Salmonella typhimurium
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TSI Problems & Special Situations

1. Some bacteria can’t utilize any of the sugars.
A. How does TSI support their growth?

B. What color does their tube turn? Why?
2. Organisms that utilize glucose will cause both the slant & butt to

turn yellow, even if 1t can’t use lactose & sucrose. If the slant is not
read at 24 hours, the slant will turn back to red. Why?

Lab #13 Carbohydrate Utilization 81 4/3/2018



Example Graph Problems #3 VJ\

E
¥
éﬁ?
Time
Graph shows growth in room air. How would it change

if it's a/an

1. Aerotolerant anaerobe grown In:
A. Candle jar instead?
B. Anaerobic conditions?

2. Facultative anaerobe grown In:
A. Candle jar?
B. Anaerobic conditions?
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Growth Pattern Examples-Temperature Groupings

)
— s,
L |
5
. b
Q
<]
c
§' Tine

»Which line Is a thermophile grown at 4C?
»\Which line is a thermophile grown at 55C?
»Which line Is a psychrotroph grown at 4C?
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CHONPS — Used for??

Carbs Lipids Protein DNA/RNA Special
Notes

S

o
39
P
Qo
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CHONPS — Used for??

Carbs Lipids Protein DNA/RNA Special
Notes
C X X X X

H X X X X
O X X X X Respiration
& energy
production.
Can be toxic
N Amino Acids  Nitrogen
— NH2 Bases —
ladder “rungs”
P Cell Membrane Phosphate ATP
(Phospholipids) Groups
Amino Acids
S (Cysteine)
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Review Miscellaneous #2: Selective vs. Differential Plates

Which of the following medias are:
1. Selective?

2. Differential?

3. General nutrient?

Tryptose
Staph epi + - Pink +
Serratia + Pink
Salmonella + Clear
Staph aureus + - Yellow +
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_ab #19 Oxygen
Aerobic | Candle | Anaerobic | Classification | PREDICTED | Organisms
catalase EXPECTED
+++ ++/- -
- - ++
+ +/++ ++
+++ ++ +
++ +++ -
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Lab #19 Oxygen Requirements —
Plate Growth Expectations
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Lab #19 Oxygen Requirements —
Thloglycollate Broth Expectatlons

"

Pseudo Clos  Strep E. coli
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Lab #19 Oxygen Requirements —
CIOSt —t Ta¥alaYa alfalllallaWaYaYaaVa

| /\\/
.

Room Air _—I'\I‘o growth

| {\\/
=

Anaerobe Plate Candle Jar — No growth
e — e
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